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SUMMARY 

Spacecraft  charging  in  low-altitude  polar  orbit  has  recently  become  recognized  ea  a 
algniflcaut  environmental  Interaction The  aase  conditions  needed  for  apacecraft  charg- 
ing at  geosynchronous  orL.it  are  also  found  it  tines  in  the  low-altitude  polar-auroral 
envlronaont.  The  reqi.i rad  conditions  are  high  fluxes  of  energetic  electrons,  low  plaana 
densities,  and  darkness.  The  eaergotic  electrons  are  found  in  very  bright  active  auro- 
rae. Plasma  densities  arc  occasionally  low  enough  in  polar  regions  but,  note  important- 
ly, a large  lOay  such  as  the  Shuttle  avaepa  out  the  ambient  ionospheric  plasma  to 
produce  a cavity  in  its  wake.  The  POL-R  charging  code  has  been  used  with  measured 
paramoterc  for  energetic  auroral  electrons  tnd  plaaaa  densities  to  evaluate  polar  orbit 
charging.  The  Shuttle  can  be  expected  to  charjge  at  times  to  Chourandt  of  volts  while 
the  cOtroneut  during  SmCrezebleuler-ect-tvitj— fEVA)‘ can  charge  to  hc-drede  of  volts.  The 
aulcibody  charging  problem  of  the  astronaut  in  tha  wske  of.  tlio  Shuttle,  a more  compli- 
cated problem,  is  being  evaluated.  Laboratory  teat  results  Awfil'-ba*  pi»rnnt»i  that 
confirm  charging  and  subsequent  arc  discharge  uf  EVA  equipment  material  samples,  Induced 
current  end  redlated  radio'  'f  roquoucy  electromegcetlc  interference  (EMiy'were 
measured  from  the  arc  discharges.  Such  EK1  ceuld  cause  potentially  dangerous  EVA  equip- 
ment anomalies.  Ground  testa  of  subsystems  and  the  complete  EVA  equipment  system  ere 
needed.x^Orbltal  teate  to  validate  model  predictions  and  understanding  of  polar  orbit 
ShuttleAwaka  charging  will  be  proposed. 


INTRODUCTION 

The  advent  of  manned  polar  orbit  flights  from  Vandenberg  AFB  lncraasaa  tha  impor- 
tance of  environmental  considerations  which  have  not  bean  significant  to  previous  Shuttle 
■laaiona.  Taesage  over  intense  auroras  may  result  in  polar-auroral  charging  and 
aubeequent  arc  discharge.  Recent  measurements  on  Air  Force  poler-orhltlng  meteorological 
satellites  confirm  that  charging  cues  occur  and  provide  values  for  the  environmental 
parameters  contributing  to  tha  charging  (I).  The  concern  la  primarily  for  arc-discharge 
effects  on  the  existing  extravehicular  activity  (EVA)  cqulpaant  and,  through  the  -quip- 
ment,  fur  the  astroneuce.  The  auroral  radiation  responsible  for  surface  charging  la  too 
low  in  energy  to  he  a direct  radiation  hazard  to  the  astronauto  or  their  equipment.  The 
Shuttl*  le  not  considered  to  be  at  risk  from  arc-discharge  because  it  vsa  designed  to 
withstand  direct  lightning  etrlkea  and  has  extensive  redundancy;  e.g.,  five  computers. 

It  has  previously  passed  through  the  fringes  of  the  high  geoatgnetic  latitude  areas 
during  30  and  37  degree  inclination  flights  from  the  Kennedy  Space  Center  with  no 
reported  problems. 

An  addltlonel  factor  that  has  .lot  bean  fully  evaluated  le  that  the  Shuttle  and  the 
astronaut  oi  EVA,  who  css  be  considered  an  Independent  spacecraft,  make  up  a ayataa  of 
electrically  isolated  spacecraft.  They  have  a wide  disparity  in  size  and  arc  laaereed 
in  the  ionospheric  please.  Our  previous  experience  in  both  geosynchronous  and  polar 
orbits  has  been  with  individual  isolated  spacecraft. 

Spacecraft  charging  1*  tha  result  of  the  combination  of  aavaral  factors;  a strong 
source  of  energetic  electrons  and  insufficient  neutralizing  please.  Darkness  la  also  a 
contributing  factor,  particularly  is  luv  polar  orbits,  since  photoalectrona  resulting 
from  solmr  ultraviolet  irradiation  counteract  charging.  Auroral  electrons  producing 
intense  auroras  can  provide  an  adequate  supply  of  electrons  with  the  requisite  energy. 
Experimental  geeaureaents  in  the  Shuttle  payload  bay  os  STS-3  and  STS-4  have  shown  large 
plaaaa  density  reductions  in  the  payleed  bay  in  the  wake  orient  scion  compered  to  the 
ambient  pleame  (1,  3',.  Tha  mat  Intense  aurorae  normally  occur  at  local  midnight  hours 
which  Invariably  are  In  darkness. 

The  threat  to  astronauts  due  to  susceptibility  of  the  existing  EVA  equipment  to 
alyctrosagncrlc  interference  (EMI)  la  difficult  to  asaaaa.  ’‘a  are  concerned  becauae  a 
vtrong  Link  baa  previously  L»en  made  between  satellite  charging  and  subaaquent  are 
discharge  f4)  and  operational  upset#  tad  falluras,  avan  the  leas  of  a attaints  (5),  at 
geosynchronous  altitudes.  Charging  can  also  cause  deterioration  of  opteecreft  materials 
end  cae  enhance  contamination  das  to  tha  deposition  of  undesirable  materials  on  critical 
surface*  (A). 
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ff  Equipment  problems  that  might  be  direct  haesrds  to  the  eetroneute  ere  sot  tba  only 

j i reason  for  investigating  the  suacaptlblllty  of  the  EVA  equipment  to  charging  at.i  erc- 

* discharge.  Equipment  failures  to  sab-systaas  eucb  at  the  communications  Hat  could  not 

be  a danger  to  the  astronaut  but  night  cauae  cancellation  of  planned  operation* • An 
exaaple  it  the  recovery  of  the  Teal  Kuby  spacecraft  that  has  been  announced  aa  being 
under  consideration*  Rescheduling  of  such  an  cperatlou  would  not  only  coot  ailliont  of 
do’lars  but  could  result  In  ytara  cf  delay  dut  to  the  present  Shuttle  schedule  pressure. 

The  aeasureaents  by  the  Air  Tore*  Ceophysles  Laboratory  (AFCL)  Space  Particles 
? Envlronaant  Branch  of  the  charging  of  the  Air  Tores  Befenee  Meeaotologlcal  Satellite 

Program  (DMSP)  spacecraft  and  tho  envlrosaantal  conditions  which  contribute  to  it  will  be 
reviewad*  Spacecraft  charging  coaputer  coda  results  will  be  coapered  with  the  charging 
levels  measured*  These  codes  will  then  be  used  to  predict  the  potentials  to  which  the 
Shuttle  end  the  EVA  astronaut  will  charge  If  severe  charging  conditions  are  encountered* 

• lew  laboratory  raaulta  will  be  presented  tbet  show  the  fabric  arteriole  In  epee*  suits 

will  charge  and  produca  arc  dlnehargas  when  subjected  t»  electrons  with  the  *tee  energies 
as  aessured  In  auroras.  Tests  are  planned  to  investigate  charging  of  EVA  equipaeat  la  a 
simulation  chaabtr  and  the  susceptibility  of  EVA  equipaeat  to  erc-dlsehargcs. 

POLAR- AUKOIAL  SATELLITE  CRARGIMC 

Charging  of  polcr-orbltleg  Air  Force  OMSF  satellite*  hr*  recently  bean  documented 
(1).  few  ezeaples  of  spacecraft  Is  the  lonaephsre  charging  t)e"oad  a few  volte  have 
previously  appeared  la  the  literature  partly  bacausa  of  cow  clwifetlnu*  of  Isstruaenta 
used  to  detect  particles  sad  plasmas*  This  lapassc  has  been  overseas  with  the  launch  ot 
tbs  DMSP  satellites  designated  F6  and  F7.  Each  satellite  carrlts  the  AFCL  S3J/4  elactrc.j 
' ; and  ion  analyser  Inatruaent,  which  aaaturaa  praclyltsliae  elect  roue  ail  Ions,  and  SSIi. 

theraal  plaaaa  detector  inatruasat.  A generous  gsoaetrlc  lister  tor  the  Ion  detector 
allows  the  application  of  a technique  regularly  used  to  identify  the  degree  of  cherglng 
for  satellites  at  geostationary  orbit.  A large  count  rats  aboard  be  seen  In  an  energy 
channel  centered  near  the  apacacreft  potential  because  of  the  acceleration  of  cold 
Ionospheric  ions  by  the  epececreft  charged  to  a negative  potential. 

A preliminary  search  of  early  DHSf/f6  satellite  measurements  sh.'ua  that  such  charg- 
ing avanta  frequently  appear  at  the  tine  that  Intense  lsverced-V  eurcr-l  electron 
atructurea  are  aaaaurad,  aa  shown  la  figure  1 (7).  The  upper  portico  shove  the  aaoture- 
aenta  from  two  channels  of  the  particle  spectrometer  shoving  the  greater  than  3 heV  and 
greater  than  10  kcV  auroral  alactrona.  The  satellite  was  traveling  from  the  canter  of 
the  polar  cap  to  lover  latltudei  and  passed  over  a st?ong  auroral  display.  Below  le 
ghovn  the  value  to  which  the  fraae  of  the  spacecraft  charged,  reacting  a aaxlaua  of  -4(2 
V In  the  second  peak.  It  can  ha  mean  that  the  spacecraft  charging  closely  follows  Lhe 
peaks  of  energetic  auroral  aitetron  fluxes.  The  fact  that  the  spacecraft  was  charged  «t 
this  tlae  wee  verified  uelng  the  SSIE  theraal  plaaaa  probe  on  the  sane  vehicle.  The 
SSIE  data  taphaslaed  the  Important  contribution  of  dacreaeed  please  density  In  order  for 
Che  DMSP  to  charge  to  values  of  hundreds  of  volte.  Modeling  studies  using  the  POLAR 
code  Indicate  that  dielectric  surfaces  on  the  wake  ride  of  the  vehicle  could  charge  to 
aany  tinea  this  value.  These  results  clearly  establish  the  existence  of  polar-auroral 
spacecraft  charging. 

COMPUTER  COCK  MODELING  Of  POLAR-AURORAL  CBABCXHG 
Coaparleon  of  aessured  and  calculated  charging 

Spacecraft  charging  coaputer  coda  aodale  developed  by  the  Air  Force  and  RASA  have 
been  used  to  analyse  the  cherglug  conditions  vhlch  the  DMSP  encountered  (8).  The 
derivation  of  the  aethoda  used  have  been  described  elsewnere  and  rill  only  be  euxaerlxed 
here  (V).  The  charging  codes  predict  that  tha  DMSP  would  charge  to  -34?  V,  in  close 
agraaaant  to  tha  -4(2  V aaaanred.  Thu  calculation  used  tha  axbxaut  plrsns  parauatara 
and  the  auroral  charging  currents  aesaored  on  DMSP  at  the  tlae  the  cherglng  occurred. 

Charging  of  an  Individual  Spacecraft 

The  charging  codas  show  that  charging  Increase*  a*  spacecraft  s'ae  Increases.  The 
Shuttle  can  be  expected  to  charge  even  acre  than  DMSP.  A previous  study  (8>  cospcred 
spheres  covered  ulth  teflon,  a typical  apsceeraft  surface  saterial.  A Shuttle-slaed 
object  will  charge  to  -3345  V and  aa  astroseut-sised  object  to  -172  V for  an  esbiont  ion 
density  of  12S  lona/cublc  ca  end  t waekar  aurora  then  tbet  which  charged  DMSP  to  -462  V. 
Secondary  and  backscattared  electrons  resulting  froa  Iscldent  energetic  alactrona  are  oee 
of  the  fundamental  factors  controlling  spacecraft  ebargiag.  A change  la  tba  surface 
aatorlel,  with  resultant  change  In  secondary  and  backscatcered  electros  yields,  will 
change  the  potential  to  which  a spacecraft  will  charge.  More  receat  results  (9)  used  tba 
actual  characterlattca  measured  for  thB  Shuttle  theraal  til* -aatsriela  fitly. 

j Charging  Calculation  Paraaatar* 

Tha  valuaa  of  the  energetic  auroral  and  plus*  values  measured  b7  DMSP/F7  at 
49,843a  OT  on  26  low  (3  will  be  used  for  the  charging  calculations  in  the  rant  of  this 
section.  The  aabient  loa  plaaaa  density  was  123  lena/cubic  ca  and  the  esexgetie  aurorel 
electrons  were  modeled  by  a Xaxvalllan  distribution  with  10,1  kcV  characteristic  energy 
and  charactarlttlc  density  of  3.9  electrone/coblc  cm  (!>•  POLAR  cherglng  cede  calcula- 
tion raaalta  ahov  that  tha  Shuttle  would  charge  to  -3290  Volte  using  (Lass  parameter*. 


Chartin'!  of  Multiple  Spacecraft 

Ine  charging  codee  were  uaao  to  calculate  the  charting  of  the  aultiple  apacecraft 
eystess  confuting  of  the  Shuttle  aid  the  eatronaut  conducting  nearby  EVA  In  the  wake  of 
the  Shuttle  (9).  Figure*  2 and  3 ahov  the  aodala  of  the  EVA  aatronaut  and  Shuttle  urad 
in  the  FOLAg  charging  code  calculations.  Figure  A shove  the  combined.  aultiple  grid 
aodel.  The  contract  in  eixa  la  clear.  Figure  5 above  the  apace  potentials  for  the 
coablned  systea.  It  can  be  aeen  that  the  potential  contoura  ahov  little  effect  of  the 
pretence  of  the  EVA  aatronaut  at  diatancea  equal  to  several  tinea  hla  size. 
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Figure  1.  Topi  Auroral  Electron  Fluxes 
greater  than  3 and  *0  keV.  Bottoa: 
Potential  of  OMSF- 


Figure  2.  EVA  astronaut  aodel  used  in 
charging  code  calculations. 


MViTtEKSCCt 


si  turns  iuo  ait»o«aut  modus 


KI3! 

ES^swssuassasBK 

HfU'JSi 


Figaro  3.  Shuttle  sodel  uoed  in  charging 
coda  calculations. 


Figure  A.  Coablned  aultiple  grid 
aodel  of  Shuttle  and  EVA  aatronaut. 


DlffereCce  Charging  of  Shuttle  and  EVA  Aatronaut 

Tbs  tara  "difference  charging"  will  be  uood  in  discussing  the  difference  la  poten- 
tial between  nearby  spacecraft.  This  ia  to  a-.oid  confusion  vlth  differential  charging 
vhlch  traditionally  haa  been  uasd  to  daacrlha  the  situation  vhere  different  surface 
alaaanta  en  the  sane  apacecraft  at  different  potential!.  • 

The  calculation  of  the  difference  charging  o*  the  Sbctcle  and  KVA  astronaut  took 
advantage  of  theic  large  disparity  of  alia.  For  thlc  case  it  vaa  ahovn  that  the  diatanca 
iron  the  aaallar  apacecraft  at  vhlch  the  apace  potential  la  doaiuated  by  tha  larger 
spacecraft  is  related  to  tha  square  root  of  the  product  of  their  slues.  This  distance  la 
approxlnataly  3 asters  for  the  KVA  aatronaut  and  tha  Shuttle  (saa  Figure  3). 

The  Space  potential  at  a location  close  to  tha  Shuttle,  coaparad  to  the  location  of 
the  ahaath  edge  vhere  the  aableot  theraal  ions  are  first  affected  by  tha  8huttle.  vill 
be  epprexinetcly  equal  to  tha  Shuttle  potential  of  -329C  V.  The  aabiotit  ions  involved 
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Figure  5*  Potential  contours  or  Shuttle  Figure  6.  Time  history  of  charging  of 

and  EVA  astronaut  frou  POLAR  code  astronaut  model  surface  eleneuts  f r on 

calculation.  NASCAP  code  calculation. 


with  the  biXenclng  of  the  energetic  auroral  electron  current  to  the  Shuttle  will  have 
acquired  an  energy  due  to  this  when  they  first  .*eel  the  effects  due  to  the  presence  of 
the  second  spacecraft,  the  EVA  astrona.it,  who  is  also  attracting  lone  to  balance  the 
energetic  auroral  electron  current. 

The  smaller  spacecraft  can  be  considered  to  be  laaeraed  in  an  energetic  Ion  bcaa, 
rather  than  aovlng  with  orhltal  velocity  In  an  aablent  theraal  Ion  plaaaa.  The  Ion 
collection  situation  for  the  EVA  aatrotaut  la  alallar  to  a probe  In  a aonoenergetlc  ion 
beam,  where  the  bean  energy  la  due  to  the  potential  of  the  larger  spacecraft.  The  scale 
of  Figure  5 does  not  clearly  cbow  that  the  Orthofabric  (outer  surface  constating  primar- 
ily of  Teflon)  which  covers  most  of  the  Extravehicular  Mobility  Unit  (EMU)  is  charged  to 
approximately  -4140  V,  much  greater  than  the  -171  V which  the  astronaut  charged  to  under 
similar  conditions  when  rot  ne*^  any  other  object.  The  difference  in  potential  between 
the  Shuttle  and  the  astronaut  la  850  V. 


Differential  Charging  of  the  EVA  Astronaut 

The  NASCAP  charging  computer  code  was  used  to  calculate  the  charging  of  the  detailed 
model  of  the  EVA  astronaut  shown  In  Figure  2*  The  time  history  of  the  charging  of 
the  surface  element;*  identified  is  shown  in  Figure  6.  It  can  be  seen  that  several  of 
the  elements  charge  up  to  within  102  of  che  final  value  within  0. I seconds.  Other 
elements  charge  more  slowly  and  still  have  not  reached  their  equilibrium  value  at  8.3 
seconds,  the  time  at  which  this  calculation  run  terminated.  The  differential  charging 
between  surface  elements  of  different  materials  develops  more  slowly  than  the  absolute 
charging.  The  Kapton  and  Teflon  surface  elements  of  the  glove  have  the  largest  differ- 
ential charging  for  the  elements  shown  in  this  *-un.  At  the  end  of  the  run,  the  Teflon 
potential  is  only  67X  of  the  Kapton  potential.  **he  differential  charging  was  within  10X 
of  this  In  3 seconds  (Teflon  at  77Z  of  Kapton).  These  locations  are  significant  since 
they  are  adjacent  surface  elements  of  the  astronaut's  gloved  hand  which  would  be  used  to 


grasp  objects.  The  details  of  the  potentlel 
from  the  side  in  Figure  7 and  from  the 


EVA  ASTRONAUT 
POTENTIAL  CONTOURS 


Figure  7.  Side  view  of  potential 
contours  around  EVA  astronaut  from 
NASCAP  code  calculation* 


contours  around  the  F.VA  astronaut  arc  shown 
In  Figure  8* 


EVA  AVIHONAUT 
POTENTIAL  CONTOURS 


Figure  8*  Front  vlav  of  poteatial 
contours  around  EVA  astronaut  from 
NASCAF  code  calculation# 
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Application  to  Operational  Planning 

The  recant  ceaulta  of  the  POLAR  and  HASCAF  computer  code  modeling  of  the  Shuttle 
and  KiA  astronaut  are  applicable  to  polar-rrblt  EVA  in  several  ways: 

a.  There  la  little  difference  In  charging  of  the  EVA  aatronaut  between  a ram 
position  or  a wake  position  If  he  la  close  to  the  Shuttle.  A distance  of  2 astetc  was 
considered  a conservative  value.  Conservative  meant  that  the  etatonent  is  unequivocal 
for  distances  of  2 meters  or  leas  and  probably  holds  for  greater  distances,  dying  away 
aj  the  distance  approaches  the  sheath  boundary  at  10-20  meters. 

b.  Computer  rune  Illustrate  the  short  time  periods  -leaded  for  development  of 
absolute  (EH3  frame  potential  relative  to  spece  potential)  end  differential  (one  place 
on  the  EMU  relative  to  a different  place)  charging.  For  the  conditions  measured  on 
DMSP,  absolute  charging  is  within  90Z  of  ultimate  within  0.1  seconds.  Differential 
charging  la  within  90Z  of  ultimata  within  several  seconds. 

c.  Differential  charging  can  ha,  conservatively,  as  much  as  TOZ  of  tie  greatest 
value.  For  this  same  example,  the  spaceault  Orthofabric  (leflon)  surface  c at  -4140  V 
and  tbe  Lexan  face  mask  la  at  -6150  V.  a difference  of  2010  V. 

LASOEATOET  TESTS  OF  SPACE  SUIT  MATZ1IAL 

EMU  fabric  material  provided  through  AFCL  baa  been  tested  at  Jet  Propulslot  Lob 
oratory  (JPL)  end  Stl  International.  The  EMU  fabric  conolste  of  an  outer  layer  -f 
Orthofabric,  five  layers  of  alumlnlxed  Mylar  for  Insulation  and  a Heoprena  coated  Nylon 
rip-stop  layer. 

Space  Suit  Material  Testa  at  Jat  Propulsion  Laboratory 

Samplaa  with  araaa  of  10,  .'00  and  1000  sq.  cm.  ware  Irradiated  with  a 1} 
monoanargatlc  alactron  baam  with  current  density  in  tbe  range  of  1-5  n«/aq.  cs.  ■ n the 
experimental  appmratua  shown  la  Figure  9.  Seve-el  jtodrs  of  discharge  were  ld-rctlfled 
which  can  lntsrmlngla  or  occur  simultaneously ! 

a.  Clow  la  associated  with  stitching  exposed  to  the  charging  source.  started, 

the  glow  occure  continually.  It  acta.  In  a way,  as  a dlealpttive  mechanist*.  The 
axlatcnca  of  glow  discharge  does  not  pro  rant  the  occurrence  oi  the  other  discharge 
modes. 


b.  Blowoff  discharge  of  the  Orthci'abrlc  outer  layer,  ea  Illustrated  is  Figure  10A, 
Id  a discharge  to  the  residual  plaarm,  equivalent  to  apace  conditions  st  ori.ifil  alti- 
tudes, In  the  vacuum  chamber.  The  peek  current  measured  le  not  slgnlf  leant  I,'  SeofiaJent 
ou  the  areas  of  this  group  of  samplaa.  The  typical  rise  time  and  pulse  width  ,»tt  l*  ns 
and  25  us.  The  peak  currant  of  0. 2 A measured  wltn  this  apparatus  was  relatively  Set" 
compared  to  values  for  homogeneous  dielectric  materials,  such  as  Teflon  «.»•'  ily  it , vbs-e 
peak  currento  have  been  at  largo  as  5C  A. 


c.  Direct  discharge  of  the  alumluixed  Mylar  (second)  lsysr,  under  'be  or-hefabrlc 
outer  layer,  to  the  grounded  metallic  sample  bolder,  ml  Illustrated  In  Figure  10£«  The 
woven  structure  of  tbe  fabric  hllows  electrons  to  penetrate  through  the  first  layer  Co 
the  second.  In  another  teat,  a meter  connected  directly  to  the  conducting  alumlnlxed 
layer  ehowad  a steady  state  current  of  A0Z  of  the  incident  beam  current.  The  arc- 
ulscbarge  currant  la  proportional  to  the  cample  area  to  the  0.4-0. 7 power.  A peak  pulse 
current  of  0.5  A for  the  100  sq.  cm.  sample  and  2.2  A for  the  1000  eq-  cm.  sample  wee 
measured  lu  the  conductor  which  grounds  the  metallic  sample  holder.  The  rise  time  for  a 
typical  direct  discharge  use  2-4  ne  and  the  pules  width  was  5-10  na,  noticeably  less 
than  for  tbe  blowoff  discharge.  Pulses  with  faster  rise  times  are  more  likely  to  cause 
uutleairaKe  effects  on  electronic  circuits. 


EXPERIMENTAL  SETUP 


TYPES  OT  DISCHARGES 
FO*  SPACE  SUIT  MATi&lAl 


— i 


Figure  3.  Expsrlaantsl  apparatus  for  Figure  10.  Types  of  epacestit  material 
apacssult  materiel  testa  at  JPL.  are-diteha ogee  I A,  Direct.  *.  tlowof £, 
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A dir«*ft  discharge  f rov  the  aluminize!  hylsr  layer  ,*«e  easily  distinguished  £ job  a 
blovoff  discharge  by  the  difference  in  f.he  polarltv  of  fch*  current  pulse  and  the  differ- 
ence if  sk«  waveforms*  Preliminary  lUA&ysfs  of  racio  frs^nsncy  (fcf)  radiation  measure- 
ment* Indicate  that  the  powlr  radiated  increases  with  caapK1  alee* 


Testa  ware  iaade  at  room  temperature  and  with  liquid  nltroger  coolings  Vb«  g 1 o v 
appears  brighter  at  100  degrees  fthk*  conpe^eu  to  laboratory  ambient  temperature* 
Characteristics  of  the  blowoff  and  a. .net  discharge*  «ud  the  frequenev  of  occurrence  of 
dXschtrge  did  not  show  a temperature  dependence* 

The  reaul  9 of  these  tcata  demonstrate  the  importance  of  a full-up  chanter  tent* 
Problems  abo.'t  a ground  return  for  the  tout  sample  measurements  will  be  avoided  by  using 
the  complete  EVA  equipment  assembly*  'ih«  interr*  lat  lot  ship  of  fabrics,  grounds,  and 
electronic  tscenMlsi  will  have  high  fidelity*  Ice  results  can  be  expected  to  be  more 
representative  of  the  expected  in-orbit  arc-discharges  that  vi 1/  be  encountered  under 
polar-auroral  charging  conditions. 

Space  Suit  Material  Tesca  at  SKI  International 


The  arrangement  rhawn  in  Figure  11  was  used  to  investigate  the  behavior  of  a 
spacecraft  suit  element  under  extreme  charging  conditions  typical  of  the  Shuttle  tehe  In 
polar  orbit*  A section  of  EMU  alcove  roughly  8-inches  long  was  placed  ov*r  an  insulating 
rod  between  a pair  of  sheet  alumlnva  uprights  (11)*  This  simulate*  a suit  element 
placed  in  a charging  environment  with  no  effort  made  to  electrically  bond  it  to  adjacent 
components  or  to  provide  Internal  electrical  oondlng  of  the  layers  asking  up  the  #l*eve 
element  When  the  electron  baa*  was  turned  on,  sharp  twinkles  of  light  indicating 
electrical  discharges  (analogous  ?.»  the  glow  observed  at  JPL)  vers  visually  cbservfd  on 
various  parts  of  the  sleeve  element,  particularly  along  the  stitching  linen*  Arc- 
dlocharfee  wore  also  observed*  A tyticel  XT  electromagnetic  signal  radiated  by  the 
discharges  la  shovo  In  Figure  12*  Tie  peak  electric  field  was  2.3  kW/m,  assured 
approximately  15  cm  from  t>he  center  of  tbn  gists  bell  jar  used  for  the  experiment* 
figure  13  shows  discharges  on  the  sleeve* 


SfiOCE  SUIT  ORTONS -ARC  DSCh£RG£  TEST 

L.  cwjowv;  x>-l&a7t>2  i 


SFRX  SUT 
a£EV€  fiLBCM 


motor 


SPACE  SJT  CHARON  - 
-ARC  DSCMARGSVC;  TEST 


TiME , MICROSECONDS 


Figure  11.  Experiment al  «pp*ratu»  Figure  12.  Radiated  RF  from  EMU  sleeve 

for  EMU  sleeve  tests  st  SRI.  arc-discharge. 


Figure  13.  Arc-dioeharges  oa  SHE  sleeve  *le,usnt. 


A Mritudrlcal  test  sample,  made  from  the  sane  matarUI  i'nd  at  tbs  same  ties  as  the 
aanple*  nested  at  JPL  was  also  tasted.  Discharge  currants  of  up  to  2*0  A have  beau  mea- 
sured. i,Vts  sere  also  made  with  a metallic  c7llJritr  loaartvd  la  the  fabric  sample  to 
simulate  cue  rtrfcc*  conductivity  of  s parsplring  astronaut.  Figure  1*  shove  the  rad- 
iated >?  aai  Figure  15  shows  the  discharge  current  waveforms  far  a auccsaelca  of  are- 
dlachaigua.  The  variability  of  anccaaslva  are -discharge  profiled,  with  no  ebanga  In 
operating  conditions,  vs«  actable.  The  fact  that  successive  discharges  under  otherwise 
identical  conditions  aha  vary  by  factors  of  ten  er  sore  in  rite  time,  duration,  and 
amplitude  complicates  the  problem  of  teecing  for  their  effects. 
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Figure  14.  Eadlated  RF  waveforms  froa  Figure  15.  Discharge  current  waveforms 

arc-dischargea  on  EKU  fabric  cylinder  fro*  arc-dischargea  on  EMU  fabric  cylinder 

with  internal  octal  liner.  with  internal  natal  liner. 

NASA  and  the  EHU  Manufacturer  report  that  examination  of  EMU  conpocenta  after  uoe 
above  chat  the  aluminized  mylar  layers  break  up  into  islands  which  have  Imperfect 
electrical  connections.  The  fact  that  the  aluminized  interior  layers  are  not  electri- 
cally bonded  together  and  to  the  EMU  metallic  sections  may  increase  the  effects  of  arc- 
discharge.  Elect roaejnet ic  fields  with  the  magnitude  and  rise  times  observed  are  very 
effective  in  producing  EMI.  Apertures  and  other  imperfections  in  the  shielding  of 
spacecraft  systems  can  result  in  induced  Interference  pulses  in  electronic  circuits. 

ELECTROSTATIC  DISCHAR  T TESTING 

Electrostatic  Discharge  Testing 

The  mechanism  by  which  arc-discharge  interfere*  with  the  operations  of  electronics 
la  not  well  understood.  Alternatives  include: 

a*  Radiated  PF  electromagnetic  interference.  The  external  RF  can  result  in  con- 
tinuous wavs  signals  within  the  equipment  that  can  damage  component!  or  cause  logic 
circuits  to  change  state. 

b.  Injection  of  current  pulses  to  external  locations  on  tha  equlpnent.  The  current 
pulse  causes  surface  currents  from  the  point  of  injection  tc  the  "ground”  or  return 
lor  the  pulse.  The  pulled  surface  currents  cause  pulses  to  be  Induced  in  conductors 
within  the  equipment  vnich,  again,  can  damage  components  or  change  logic  circuit  states. 

As  a resulr,  there  are  few  widely  used  methods  for  testing  the  susceptibility  of 
spacecraft  systems  and  subsystems  to  tha  effects  of  charging  and  arc-discharge.  One 
established  method  is  *0  use  the  Electrostatic  Discharge  teat  method  in  section 
6. 5.2.4. 1 of  Military  Standard  (MIL-STD)  1541,  Electromagnetic  Compatibility  Require 
aents  for  Space  Svsteas  (12).  The  standard  calls  for  an  arc-discharge  at  a distance  of 
30  cm  as  a test  for  radiated  interference  and  a discharge  directly  to  the  teat  staple  a* 
a teat  for  current  pulse  susceptibility.  An  arc  source  schematic  diagram.  Figure  16,  if 
liggested  in  tho  HZL-STD,  although  equivalent  circuitry  can  be  used. 

Opinion*  on  the  vclidit*  of  the  teat  vary  widely*  In  practice,  the  test  is  often 
not  performed  on  flight  spacecraft  because  of  apprehension  th.iw  the  teat  will  canto 
latent  damage  tfcu*  kill  later  lead  to  spacecraft  failure*  Most  programs  that  have 
recently  developst  apace  systems  do  not  have  full  -up  prototypes  available  for  testing. 

Tha  RASA/JFL  Voyager  program  was  an  exception  (13).  Performance  of  the  MII.-STD  1541 
currant  Injection  test  canted  subsystem  failures*  The  spacecraft  was  then  reexamined 
a*:d  a number  of  changes  made  which  eliminated  the  tea*  failure*.  The  spacecraft  suffered 
soma  oparatlonal  upsets  during  its  planetary  rendezvous  but  no  tuheyst**  failures 
occurred.  -IPL  bvlioves  that  tha  electrostatic  discharge  testing  contributed  signifi- 
cantly to  mission  success* 
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Figt re  16*  MIL-STD  1541  elect roetatlc  Figure  17.  Schai’fner  MSG-431  Electroetaclc 

discharge  test  circuit  schematic*  Discharge  Simulator  schematic. 

Electrostatic  Discharge  Test  Equipment 

Implementation  of  the  MIL-STD  1541  scheaatlc  In  different  weye  by  different  organi- 
sations can  result  In  effectively  different  tests.  Furthermore,  there  is  uncertainty  In 
how  dissipation  of  the  stored  energy  la  distributed  between  radiated  RF  and  the  current 
pulse.  These  factors  detract  froa  confidence  in  test  results.  Nevertheless,  the  MIL- 
STD  1541  test  represents  a test  that  has  endured  the  scrutiny  of  the  aerospace  testing 
community . 

An  alternative  test  apparatus  which  complies  with  the  MIL-STD  1541  allowance  for 
equivalent  type  of  circuity  has  been  us&d  rnr  electrostatic  discharge  tests  by  one  aajor 
aerospace  contractor.  The  Srhaffaer  Model  NSC-431  Electrostatic  Discharge  Slaulator 
( i4)  was  developed  to  slaulate  discharges  frsw  static  electricity  accumulated  by  manu- 
facturing and  servicing  personnel.  The  scluaatlc  Is  shown  In  Figure  17.  The  standard 
configuration  of  the  slaulator  output  circuit  has  a 150  plcoFarad  capacitor  and  150  Ohm 
resistor  to  slaulate  human  body  characteristics.  The  variability  of  discharge  pulses 
Measured  by  SRI  with  no  change  in  experimental  parameters  blurs  the  Importance  of 
selecting  a different  resistor-capacitor  combination  for  bench-testing  the  existing  KVA 
equlpaent . Other  coaaerclally  available  equipment  can  be  expected  to  be  equivalent  to 
the  Schaffner  apparatus. 

“Tailoring*  of  the  MIL-STD  1541  Electrostatic  Discharge  test  for  the  EVA  equlpaent 
was  proposed.  The  charging  of  the  equlpaent  will  be  modeled  with  charging  codes  to 
evaluate  th*t  potential  Co  which  It  charges,  the  stored  energy  acd  likely  discharge 
points.  The  MIL-STD  154}  teat-  will  ;hen  be  modified  to  use  the  potential  and  stored 
energy  determined  b/  ths  changing  eddec  and  the  correct  pulu«s  Injected  at  the  likely 
discharge  points.  The  usefulness  of  the  tailored  test  still  strongly  depends  on  the 
fidelity  with  which  the  teat  deviate*  the  discharge  conditions  In  the  rp.*ce  environment. 
Validation  of  the  relationship  between  the  laboratory  teats  and  arc-discharges  in 
spsce  in  necessary. 

SIMULAT70N  CHAMBER  AND  SPACE  STUDIES  OF  CHARGING  EFFECTS 

It  is  important  to  carry  out  c program  of  testing  and  study  which  will  Investigate 
th~  lmaunlty  of  the  equipment  to  orbital  charging  effects  as  well  as  the  understanding 
of  the  Interaction  of  the  spacecraft  produced  environment  rith  the  auroral  energetic 
particle  precipitation.  A proposed  two  part  program  will  ensure  the  absence  oi  unexpect- 
ed anomalies  during  polar  orl itai  operations  of  aanred  systems  (15). 

SUMMARY 

The  evidence  Indicates  that  an  astronaut  carrying  out  KVA  In  Che  Shuttle  wake  In 
polar  orbit  could  have  hla  EVA  equipment  charge  up  to  significant  voltages  If  an  Intense 
aurora  la  encouatarad.  Arc  discharges  are  expected  to  occur,  similar  to  those  that  have 
caused  system  upsets  and  failure*  in  geosynchronous  orbits.  The  possibility  of  hazard 
to  the  astronauts  must  be  evaluated  quickly,  since  polar  orbit  Shuttle  launches  will 
soon  begin  at  Vandenbarg  AFB  In  California.  The  EVA  equipment  suscepti bilicy  to  arc 
discharge  generated  SMI  must  be  resolved  since  EVA  may  become  necessary  on  any  Shuttle 
flights,  at  least  on  a contingency  basis.  Furthermore,  charging  end  sic  discharge  must 
be  considered  a potential  hazard  in  the  development  of  future  generation  ^VA  equipment. 
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DISCUSSION 

D-K.Davl.es,  UK 

The  radiation  induced  charges  on  the  EVA  astronaut  suit  seem  quite  low  and  smaller 
than  might  be  expected  fretn  contact  charging,  say,  on  the  palms. 

Is  (or  has  it  never  been)  contact  charging  a problem? 

Author' s Reply 

I have  no  specific  knowledge  of  contact  charging.  Recent  successful  NASA  EVA  servicing 
operationa  indicate  there  are  no  problems  in  low  inclinstion  orbits  that  do  not  en- 
counter auroras. 


E. Whipple, US 

Did  the  charging  calculations  of  the  astronaut  suit  take  into  account  <he  strong 
anisotropies  in  the  energetic  electron  spectra  caused  by  the  shadowing  ef fectr  of  the 
Shuttle  vehicle?  There  will  also  ba  anisotropies  in  the  electron  flux  in  the  upwards 
versus  the  downward  direction  of  atmospheric  absorption.  These  anisotropies  should 
lead  to  large  differential  charging  between  opposite  sides  of  the  astronaut  suit. 


Author's  Reply 

The  calculations  reported  did  not  take  into  account  anisotropy  in  the  electron  flux. 
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